Clostridium difficile is a nosocomial pathogen that causes a range of chronic intestinal diseases, usually as a result of antimicrobial therapy. Macrolidelincosamide-streptogramin B (MLS) resistance in C. difficile is encoded by the Erm B resistance determinant, which is thought to be located on a conjugative transposon, Tn5398. The 9630 bp Tn5398 element has been cloned and completely sequenced and its insertion site determined. Analysis of the resultant data reveals that Tn5398 is not a classical conjugative transposon but appears to be a mobilizable non-conjugative element. It does not carry any transposase or site-specific recombinase genes, nor any genes likely to be involved in conjugation. Furthermore, using PCR analysis it has been shown that isolates of C. difficile obtained from different geographical locations exhibit heterogeneity in the genetic arrangement of both Tn5398 and their Erm B determinants. These results indicate that genetic exchange and recombination between these determinants occurs in the clinical and natural environment.
INTRODUCTION
Clostridium difficile is a Gram-positive, spore-forming, anaerobic bacterium that causes a range of chronic gastrointestinal syndromes, including antibioticassociated diarrhoea and colitis. The most severe form of these infections is pseudomembranous colitis, a potentially lethal infection that primarily occurs in hospital patients that have been treated with antimicrobial agents such as cephalosporins, penicillins or macrolides (Kelly & LaMont, 1998) . C. difficile is recognized as the major cause of nosocomial diarrhoea in the USA (Gorbach, 1999) and is a significant pathogen in both British (Wilcox, 1998) and Australian hospitals (Riley et al., 1995) .
The C. difficile isolates that cause antibiotic-associated diarrhoea are usually not resistant to the antibiotic responsible for the onset of infection, suggesting that an important factor in pathogenesis is the elimination of The GenBank accession number for the Tn5398 element and flanking sequence is AF109075.
the normal flora of the intestine by antibiotic therapy. The end result is the provision of an ecological niche for the germination and growth of C. difficile spores that originate in the hospital environment (Banerjee & LaMont, 2000) . However, because of the strong association between antimicrobial therapy and the onset of C. difficile disease, antibiotic resistance in this organism has been extensively studied (Chow et al., 1985 ; Levett, 1988 ; Roberts et al., 1994 ; Wu$ st & Hardegger, 1988) . In addition, studies have shown that resistance to clindamycin increases the risk of C. difficileassociated diarrhoea (Johnson et al., 1999) .
Clindamycin and erythromycin, both of which are members of the macrolide-lincosamide-streptogramin B (MLS) group of antibiotics, have often been implicated in the onset of C. difficile-associated disease. The most common mechanism of resistance to these antibiotics involves N'-dimethylation of a specific adenine residue of the 23S rRNA molecule (Leclercq & Courvalin, 1991) . This alteration of the antibiotic target site is invariably catalysed by an rRNA methyltransferase that is encoded by an erm gene. Numerous erm genes have been characterized and divided into distinct classes based on their level of sequence similarity (Roberts et al., 1999) . In general, each of the classes is loosely associated with a particular bacterial genus, with the exception of the Erm B class of determinants, which have been detected in a wide variety of bacterial genera, indicating their potential for intergeneric transfer.
Hybridization analysis has indicated that MLS-resistant strains of C. difficile carry erm(B) genes (Farrow et al., 2000 ; Ha$ chler et al., 1987) . The Erm B determinant carried by C. difficile strain 630 has been shown to be transferred by a conjugation-like mechanism to C. difficile (Wu$ st & Hardegger, 1983) , Staphylococcus aureus (Ha$ chler et al., 1987) and Bacillus subtilis (Mullany et al., 1995) . Transfer has been shown to occur in the absence of detectable plasmid DNA. The B. subtilis transconjugants could transfer the Erm B determinant back to C. difficile, with integration of the determinant occurring at a specific site on the C. difficile chromosome. By contrast, integration was not sitespecific in B. subtilis. Because of these observations it was proposed that the Erm B determinant from C. difficile resides on a conjugative transposon, Tn5398 (Mullany et al., 1995) . This element has not been completely sequenced or characterized, although we have shown (Farrow et al., 2000) that it carries two identical erm(B) genes that are separated by a copy of the direct repeat (DR) sequence that is found on either side of the erm(B) gene from Clostridium perfringens (Berryman & Rood, 1995) . These C. perfringens DR sequences are two directly repeated segments of DNA that primarily consist of an ORF, ORF298, which shows low levels of identity at the amino acid level to Soj and ParA proteins, flanked by highly palindromic sequences, palA and palB. In C. difficile strain 630 the two erm(B) genes are separated by a copy of the DR sequence and are flanked downstream by a variant of this DR sequence from which ORF298 has been deleted and flanked upstream by a DR variant that contains only the sequence downstream of palB (Farrow et al., 2000) .
The aim of this research was to characterize the putative transposon and to examine the arrangement and distribution of both the erm(B) genes and Tn5398 in C.
difficile strains from diverse geographical locations. The results showed that there was considerable genetic heterogeneity in the organization of the erm(B) gene region and that Tn5398 was an unusual genetic element in that it did not contain any discernible recombinase or mobilization genes.
METHODS
Strains, growth conditions and molecular methods. All C. difficile strains (Table 1) were grown in BHIS medium (Smith et al., 1981) , supplemented with 50 µg erythromycin ml − " or 20 µg rifampicin ml − ", at 37 mC in an anaerobic glove chamber (Coy Laboratories) in an atmosphere of 80 % N # , 10% H # , 10 % CO # . DNA was prepared from C. difficile strains by dye (Abraham & Rood, 1985) . Recombinant strains were derivatives of Escherichia coli DH5α (BRL) and were grown in 2i YT medium (Miller, 1972) . Plasmid DNA was purified from E. coli cells by a modified mini alkaline lysis\polyethylene glycol precipitation procedure (Applied Biosystems). Unless otherwise stated molecular manipulations were carried out as described by Sambrook et al. (1989) . PCR conditions. PCR analysis of C. difficile strains was carried out on a Perkin Elmer GeneAmp PCR System 2400. Each reaction contained 0n24 µg chromosomal DNA, 50 µM mixed deoxynucleotide triphosphates, 1i PCR buffer (Roche Molecular Biochemicals), 0n2 µM each oligonucleotide primer and 2n5 units Taq polymerase in a 100 µl final volume. Reactions were incubated for 1 cycle of 95 mC for 3 min, 70 mC for 1 min ; 30 cycles of 95 mC for 1 min, 50 mC for 2 min, 72 mC for 3 min ; 1 cycle of 50 mC for 2 min, 72 mC for 5 min and were then held at 4 mC. Following PCR, 10 µl each reaction was run on a 0n8 % agarose gel to detect the PCR products.
Filter matings. C. difficile cultures were grown overnight on BHIS agar at 37 mC. Single colonies of the donor and recipient were separately used to inoculate 20 ml BHIS broth and the cultures were grown until mid-exponential phase (OD '!! " 0n45). The cells were then harvested by centrifugation at 1500 g for 10 min at room temperature and the cell pellets resuspended in 1 ml BHIS broth. Aliquots (100 µl) of the donor and recipient suspensions were mixed together on 0n45 µm pore-size nitrocellulose filters on BHIS agar. After incubation for 24 h at 37 mC, the filters were then removed, vigorously washed with 1 ml BHIS broth and 100 µl aliquots spread onto BHIS agar supplemented with the appropriate antibiotics and incubated for 48 h.
RESULTS

Delineation and comparative analysis of Tn5398
To clone the entire Tn5398 element, XbaI-digested chromosomal DNA from C. difficile strain 630 was cloned into the low-copy-number vector pWSK29 and an erythromycin-resistant DH5α transformant was isolated and analysed. This strain carried a recombinant plasmid, pJIR1790, which contained a 19n5 kb insert. Approximately 13n5 kb of pJIR1790 was sequenced on both strands using a primer walking approach, be- ginning with primers within the Erm leader peptide and erm2(B) genes (Farrow et al., 2000) . Analysis of the resultant data indicated that pJIR1790 carried a potentially novel genetic element.
In addition to duplicated erm(B)-ORF3 genes and ORF298, which were previously identified by Farrow et al. (2000) , the gene region contained nine other potential genes (Fig. 1) . Upstream of the Erm B determinant two complete ORFs and one partial ORF were detected. The latter appeared to encode a protein with 52 % amino acid sequence identity to IlvD from B. subtilis (Sorokin et al., 1996) and had greater than 50 % identity to IlvD proteins from many other organisms. IlvD is a dihydroxy-acid dehydratase that is involved in the synthesis of the amino acids isoleucine and valine.
The potential gene product of the ORF located downstream of ilvD had 25 % identity to a transcription regulator of the TetR family from Aquifex aeolicus ( Deckert et al., 1998) , 22 % identity to a regulatory protein, IfeR, from Agrobacterium tumefaciens (Palumbo et al., 1998) and 19 % identity to probable transcriptional regulators from Pseudomonas aeruginosa and Listeria innocua (Stover et al., 2000) . The next ORF encoded a putative product with 22 % identity to the hydrolase IpbD from Pseudomonas putida (Eaton & Timmis, 1986) and 21 % to the PcbD hydrolase from Archaeoglobus fulgidus (Klenk et al., 1997) . Therefore, these two ORFs were designated as hydR and hydD, respectively.
Downstream of the Erm B determinant there are three ORFs, designated ORF13, ORF9 and ORF7 ( Fig. 1) because their putative products share 20, 43 and 20 % amino acid sequence identity, respectively, to the equivalent ORFs from the conjugative transposon Tn916 from Enterococcus faecalis (Flannagan et al., 1994) . The function of these ORFs in Tn916 is not known.
The effR and effD genes were also located downstream of the Erm B determinant (Fig. 1 ). EffR shows low-level (15-20 %) identity to several repressor genes, including the repressor of the marRAB operon from Salmonella typhimurium, which is involved in multiple antibiotic resistance (Sulavik et al., 1997) . EffD showed some similarity to integral membrane proteins from a variety of organisms, including the hyperthermophile Pyrococcus horikoshii (Kawarabayasi et al., 1998) and the alkaliphilic Bacillus sp. C-125 (Takami et al., 1999) . Computer analysis using the membrane prediction program  suggested that EffD was a membrane protein with 12 membrane-spanning helices.
The putative protein encoded by the gene located 3h of ORF7, ispD, had 48-52 % identity to intracellular serine proteases from B. subtilis (Koide et al., 1986) , Bacillus amyloliquefaciens and Bacillus polymyxa (Surova et al., 1994 ; Takekawa et al., 1991) . In B. subtilis the homologous protease ISP-1 has been postulated to have a critical role in sporulation, possibly through the turnover of intracellular proteins, the processing of spore coat protein precursors and the inactivation of transcarbamylase and several other enzymes (Koide et al., 1986) .
The last ORF identified in this study was designated flxD because it appeared to encode a protein with 39-45 % identity to flavodoxin proteins from Clostridium beijerinckii (Tanaka et al., 1974a) , Megasphaera elsdenii and Treponema pallidum (Fraser et al., 1998 ; Tanaka et al., 1974b) . Flavodoxins are low-molecularmass proteins that function as electron transfer agents in a variety of microbial metabolic processes (Simondsen & Tollin, 1980) .
Since ilvD, hydR, hydD, ispD and flxD were probably housekeeping genes we postulated that Tn5398 extended from a region downstream of hydD to the intergenic ORF7-ispD region (Fig. 1) . To examine this hypothesis a series of DIG-labelled probes specific for ilvD, hydD, erm(B), ORF13, effD and ispD were used in dot blots to examine chromosomal DNA from the wild-type C. difficile erythromycin-resistant strain 630, the susceptible C. difficile recipient CD37 and four independently derived transconjugants. The latter were derivatives of CD37 and were the result of conjugative transfer of erythromycin resistance from strain 630. If a particular gene was of a generic or housekeeping nature, we would expect a gene-specific probe to bind to DNA from all of the strains tested. If the gene was located on Tn5398 we would expect the probe to hybridize with DNA from the wild-type and the transconjugants but not the recipient. The results showed that each of the predicted housekeeping genes hybridized to all of the strains tested (Fig. 2) . By contrast, the erm(B), ORF13 and effD probes hybridized only to the wild-type and transconjugant strains, indicating that these genes are likely to be located within Tn5398.
A PCR-based strategy was used to more precisely delineate the potential transposon by sequentially moving across the sequenced gene region (Fig. 1, Table 3 ). Amplification of chromosomal DNA from the wild-type strain 630, the recipient strain CD37 and the four transconjugant strains, confirmed (Table 3 ) the results of the DNA dot blots and indicated that the erm(B) genes, ORF13, effR, effD, ORF9 and ORF7 were located within Tn5398. Based on the products that were amplified from strain 630, but not from strain CD37, the left end was localized to the region between oligonucleotides 6940 and 6604 and the right end was localized to the region between oligonucleotides 9493 and 11662 (Fig. 1) .
To precisely define the ends of the putative element, the regions encompassing the ends of the transposon were amplified from strain 630 and the transconjugants and sequenced. The target region from C. difficile strain CD37 was amplified using oligonucleotides 6260 and 12143 and was also sequenced. The results showed that the left end of Tn5398 was located in the intergenic space between hydD and the region encoding the Erm leader peptide, at a site 272 bp downstream from the hydD stop codon. The right end was shown to be within the coding sequence of ORF7, 84 bp upstream of the stop codon (Fig. 1) . Both the right and left ends of the element were extremely AT-rich. The left end consisted of the palindromic sequence TTTTTATATAAAAA, while the right hand consisted of the imperfect palindrome TTTATAATAAAAA. These ends had no significant similarity to the ends of any known conjugative transposon in the databases. The target site in strain CD37 was in the intergenic space between the hydD and ispD genes, 227 bp downstream of the hydD stop codon and 208 bp upstream of the ispD start codon (Fig. 1) . The target site was also extremely AT-rich and consisted of the palindromic sequence TTTTTATA-TAAAAA ( Fig. 1) , which is identical to the palindromic sequence located at the left end of the element and differs from the right end by the omission of one of the central A nucleotides. Based on these data it was concluded that Tn5398 was 9630 bp in length.
Variation in the genetic organization of erm(B) gene regions of C. difficile strains from different geographical locations
Prior to this study we had reported that the duplicated arrangement of the erm(B) genes in C. difficile strain 630 was novel when it was compared to Erm B MLS resistance determinants from other bacterial species (Farrow et al., 2000) . To determine if this arrangement was common in C. difficile we analysed 27 erythromycinresistant C. difficile strains from a range of geographical locations and clinical sources (Table 1) . DNA dot blots were carried out on chromosomal DNA from each isolate using an erm(B)-specific probe. The results showed that nine of these strains, including all five of the Japanese isolates, did not carry an erm(B) gene (Fig. 3) . Probing with an ORF298-specific probe showed that an additional four isolates contained an erm(B) gene but did not contain the complete DR sequence that contains ORF298 (Fig. 3) . Subsequent analysis, using a probe specific for the palA-like sequence that is located on either side of ORF298, revealed that the French isolate, 685, which did not contain ORF298, had a DR sequence with an internal deletion (Fig. 3) , as found previously in other bacteria (Berryman & Rood, 1995 ; Farrow et al., 2000) .
Therefore, in addition to strain 630, these studies revealed 15 isolates that could carry variants of Tn5398. j indicates that a PCR product of the anticipated size was obtained ; k indicates that no PCR product was obtained. Where more than one PCR product was possible, the size of the observed product(s) is indicated in parentheses. The oligonucleotides used, their positions and the region expected to be amplified in each reaction are shown in Fig. 4 . 
A series of eight PCR amplifications were conducted on each isolate to determine the arrangement of the Erm B determinant in these strains. The first reaction was designed to detect the presence of an erm leader peptide upstream of an erm(B) gene. If the arrangement was the same as in strain 630, we would expect a fragment of 610 bp. Four of the isolates had this profile (Table 4 ). The remaining isolates had a 388 bp product, which as revealed by sequence analysis, consisted of the same region but without the leader peptide sequence, as is found upstream of the C. perfringens erm(B) gene (Berryman & Rood, 1995) (Fig. 4) .
The remaining PCR reactions were designed to step sequentially across the erm(B) gene region and to detect the presence and location of the Tn5398 gene, effD. The Fig. 4 . PCR analysis of the genetic organization of the Erm B determinants from C. difficile isolates from different geographical locations. The regions encompassed by each reaction are shown in relation to the arrangements of the Erm B determinants from C. difficile strain 630 ( Fig.  1) and C. perfringens strain CP592 (Berryman & Rood, 1995) . Results of the PCR analysis are shown in Table 4 .
combined results of these PCR experiments (Table 4) allowed us to divide the strains into five groups based on the arrangement of the erm(B) gene region (Fig. 5) . The first group of nine isolates were resistant to erythromycin but did not contain an erm(B) gene (Fig. 5a ). This group included all of the Japanese isolates, three of the Australian isolates and a British isolate. The second group of three isolates, from the UK, Belgium and the USA, had an erm(B) gene but did not have either complete or incomplete DR sequences (Fig. 5b) . Eleven strains, nine of which were from the USA, had a complete DR sequence that was located downstream of the erm(B) gene (Fig. 5c) . The two non-USA strains in this group also carried an effD gene but it was not associated with the erm(B) gene. Strain 685 was very similar except that it had an erm leader peptide, the erm(B) gene was followed by an incomplete DR sequence and the effD gene was associated with the erm(B) gene (Fig. 5d) .
PCR primers designed to detect the presence of two complete DR sequences flanking an erm(B) gene, as is observed in the arrangement of the Erm B determinant from C. perfringens, were included in these experiments (Fig. 4) . No product was amplified from any of the C. difficile strains, although a product was observed when DNA from C. perfringens strain CP592 was included as a positive control.
Three C. difficile isolates had the same arrangement as observed in strain 630 and appeared to have a complete copy of Tn5398. That is, they had two erm(B) genes, one located upstream of a complete DR sequence and the other upstream of an incomplete DR sequence, and had a genetically linked ORF13-effD gene region (Fig. 5e ). This group was geographically diverse as it included two Australian isolates from different hospitals and a French isolate, as well as the prototype Swiss isolate, strain 630.
DISCUSSION
Tn5398 appears to be a mobilizable but nonconjugative genetic element
Previous studies suggested that the erythromycin resistance determinant in C. difficile strain 630 was located on a conjugative transposon, Tn5398 (Mullany et al., 1995) . Conjugative transposons are discrete DNA elements that are normally integrated into the bacterial chromosome and are characterized by their ability to encode their own movement from one bacterial cell to another by a process requiring cell to cell contact. Conjugative transposition involves excision of the element from the chromosome to form a non-replicating covalently closed circular intermediate, which can either integrate elsewhere in the genome or transfer by conjugation to another cell where it integrates into the recipient's genome. To carry out these reactions conjugative transposons generally encode site-specific recombinases that are responsible for the excision and integration of the element and other proteins that are required for conjugation (Salyers et al., 1995) .
Tn5398 does not appear to encode genes that are involved in either excision, integration or conjugation. We have shown that it is 9n6 kb in size and encodes two copies of erm(B)-ORF3 and one copy of ORF298 (Farrow et al., 2000) . In addition, there is only one incomplete and four complete ORFs located within the putative transposon. The proteins encoded by the effR and effD genes are unlikely to be involved in the transposition of the putative transposon, as they appear to encode a potential efflux protein and its associated regulator. The remaining ORFs, ORF13, ORF9 and ORF7, have similarity to equivalent ORFs from the prototype conjugative transposon, Tn916. The ORF7 protein shows limited homology to sigma factors (Flannagan et al., 1994) . It has been postulated to have a regulatory role in the mobility of Tn916 because in the presence of tetracycline, increased ORF7 expression leads to increased transcription of ORF7, ORF8, xis, int and other genes (Celli & Trieu-Cuot, 1998) . The finding that the right end of Tn5398 is internal to ORF7 may have implications for the level of excision, transfer and integration of the element. After excision from the donor chromosome, Tn5398 would leave behind part of ORF7, resulting in an incomplete ORF7 gene in the circular intermediate. The result could be altered levels of transcription of other genes involved in transfer of the element. The end of ORF7 also appears to be the target sequence for the element in recipient strains such as CD37. It is this region of the ORF7 protein that has identity to the helix-turn-helix motif of sigma factors, which is involved in DNA binding. Fusion with this region may provide a selective advantage for recombination of the circular intermediate at the target site.
In Tn916 ORF9 has been predicted to be a putative transcriptional repressor ; however, the role of this repressor in the mobility of Tn916 has not been determined (Celli & Trieu-Cuot, 1998) . The ORF13 protein has no known role in the mobility of Tn916. If these Tn916 homologues have any role at all in the movement of the Tn5398 element, it would appear that they are most likely to encode proteins that are involved in the regulation of transposition events, rather than proteins that are involved in excision, mobilization, transposition or integration. ORF298 is the only other ORF that could encode a protein involved in Tn5398 mobility. The putative ORF298 protein has some similarity to replication proteins and proteins from the ParA and Soj families. ParA and Soj proteins generally have a role in the partitioning of plasmids and chromosomes during the replication cycle (Easter et al., 1998 ; Sharpe & Errington, 1996) . It appears unlikely that ORF298 has a role in either the excision or integration of Tn5398 but this possibility cannot be completely eliminated. In addition to being capable of catalysing its own conjugative transposition, Tn916 is capable of enhancing the transfer of another homologous conjugative transposon that is co-resident in the cell (Flannagan & Clewell, 1991) and of mobilizing non-conjugative plasmids (Jaworski & Clewell, 1995 ; Showsh & Andrews, 1999) . Based on its small size and our comparative analysis of the genes carried on Tn5398, we postulate that it is more likely to be a non-conjugative but mobilizable element rather than a conjugative transposon. Mobilization of non-conjugative plasmids by Tn916 does not appear to be dependent on the presence of a functional mobilization, or mob, gene on the plasmid, but does require the presence of an origin of transfer, or oriT, sequence. It is postulated that the same protein or proteins involved in the nicking of the Tn916 circular intermediate at its oriT site nicks similar sequences present on co-resident mobilizable plasmids. Once nicked, the plasmid then assumes a relaxed form, which is capable of being transferred during conjugation (Showsh & Andrews, 1999) .
In addition to Tn5398, strain 630 carries a second conjugative transposon, Tn5397 (Mullany et al., 1990) , which is closely related to Tn916 (Roberts et al., 2001) . Comparison of Tn5397 and Tn916 reveals that they have very similar conjugation regions (ORF15-ORF23), but different insertion and excision modules (Roberts et al., 2001) . In addition, the oriT sites present on both elements are identical and the putative ORF23 mobilization proteins have greater than 90 % identity. Analysis of Tn5398 reveals the presence of two potential oriT sites, which are located within the coding sequence of ORF298 and in the intergenic space between ORF3 and ORF13 (Fig. 6) . The nic sites (TGGTGT) of these two potential oriT sites are identical to the nic sites found on Tn916 and Tn5397. We postulate that Tn5398 is excised from the chromosome either by TndX, the sitespecific recombinase responsible for the excision of Tn5397, or by another large resolvase encoded on the chromosome of strain 630. The resultant circular intermediate of Tn5398 would then be nicked at one of the oriT sites by the same protein responsible for nicking the Tn5397 circular intermediate and subsequently transferred to a recipient cell by a Tn5397-dependent process. Once in the recipient the element may be either integrated into the chromosome by means of the TndX protein or by another large resolvase encoded on the chromosome of the recipient cell. Attempts to verify this hypothesis by using outward firing PCR primers to amplify the putative circular intermediate were unsuccessful. However, in the absence of a positive chromosomal control, little can be concluded from this experiment.
Note that there is an alternative explanation for these results. It is possible that the region excised from the chromosome is much larger than that proposed and includes genes upstream of the proposed left end (ilvD, hydR and hydD) and downstream of the proposed right end (ispD, flxD). After transfer of this region, which contains Tn5398, it could be integrated into the recipient chromosome by RecA-dependent homologous recombination. The end result would be the integration of Tn5398 and some of the genes flanking the element. This hypothesis is consistent with the experimental data.
Tn5398 is present in C. difficile strains from diverse sources
To determine if Tn5398, with its duplicated erm(B) genes, was common in C. difficile we carried out a series of comparative PCR and dot blot studies. The results showed that the arrangement of the Erm B determinants in 15 C. difficile isolates from diverse sources was not the same, with four major genetic variants being detected. The simplest variant was that of a single erm(B) gene and the most complex was represented by the Erm B determinant carried by Tn5398 (Fig. 5) . Tn5398 was present in strain 630, which was originally from Switzerland, and three other C. difficile isolates, AM1180 and AM1185, isolated from different Australian hospitals, and the French isolate 660\2. The identification of these strains provides evidence that the duplicated erm(B) gene organization carried by Tn5398 is widespread and is therefore likely to be transferred between C. difficile isolates.
In general, each of the genetic variants was represented by isolates from a wide variety of geographical sources, with the exception of the group that carried a single erm(B) gene flanked by a downstream complete DR sequence (Fig. 5c ). This group of isolates, with the exception of strains 662 and B1, were all isolated in the USA. With one exception, AM140, these USA isolates were isolated from large outbreaks of diarrhoea that occurred in four hospitals located in different parts of the country (Johnson et al., 1999) . Analysis of these strains by restriction digestion, PCR and PFGE had previously determined that these isolates were actually derivatives of the same strain (Johnson et al., 1999) , which was referred to as the epidemic strain. The isolates were all highly resistant to clindamycin and were shown to account for approximately 30-66 % of the C. difficile strains isolated at these hospitals during the period 1989 to 1992 (Johnson et al., 1999) . We previously showed that each of these isolates contained an erm(B) gene (Johnson et al., 1999) . Our finding that they contain Erm B determinants with the same genetic organization supports the conclusion that they are derivatives of an epidemic strain. It was previously suggested (Johnson et al., 1999) that the erm(B) gene present in these isolates was associated with Tn5398. This study reveals that this is unlikely as the Tn5398-specific gene, effD, was not detected in these isolates.
We previously proposed that the C. perfringens Erm B determinant, which consists of an erm(B) gene flanked by two complete DR sequences, represents the Erm B progenitor and that Erm B determinants in other bacteria probably evolved by homologous recombination events that removed part of the DR sequences (Berryman & Rood, 1995) . The different genetic arrangements of the various C. difficile Erm B determinants observed in this study are all consistent with this hypothesis. However, despite the fact that many erm(B) genes are located on mobile genetic elements that can move freely between different bacterial species, C. perfringens still appears to be the only species that
